Dietary behavior can worsen or prevent hypertension. However, data on the association between dietary behavior and the risk of hypertension in Asians are limited. The aim of this study was to determine these associations in Japanese male workers. We conducted a prospective study of 30-71-year-old Japanese male workers in Osaka, Japan, between 2001 and 2011. The study subjects were 3486 normotensive males who were assessed for an average of 4.6 years using an annual survey. We defined hypertension by a systolic blood pressure of X140 mm Hg, a diastolic blood pressure of X90 mm Hg and/or the use of antihypertensive medications. Dietary behavior questionnaires were included in the annual surveys. For each question on dietary behavior, we calculated the odds ratios (ORs) for the risk of hypertension using logistic regression models. We used subjects who consistently gave affirmative answers in the baseline and end-point surveys as a reference. The number of new cases of hypertension was 846 among 3486 subjects. Compared with subjects who eat meat frequently, subjects who did not eat meat frequently showed a higher risk of hypertension (OR ¼ 1.26, 95% confidence interval (CI): 1.00-1.59). Subjects who did not consume dairy products every day showed a higher risk of hypertension (OR ¼ 1.39, 95% CI: 1.13-1.71) compared with those who did. Meat and dairy product intake was associated with the prevention of hypertension among Japanese male workers.
INTRODUCTION
Hypertension is one of the most important risk factors for cardiovascular disease in the Japanese, as well as in Western populations. [1] [2] [3] [4] Therefore, it is important to determine the risk factors associated with hypertension in order to prevent hypertension and decrease the burden of cardiovascular disease. Although pharmacological treatment of hypertension is widely available, primary prevention of hypertension is desirable.
Several studies have reported that lifestyle is significantly associated with blood pressure 5 and the incidence of hypertension. 6 Dietary behavior seems to be an important risk factor because it is directly associated with energy intake, which in turn correlates with body weight control and nutrient intake and is associated with maintenance of the organism.
Several studies have examined dietary behavior in relation to the Mediterranean diet and the Dietary Approaches to Stop Hypertension (DASH) diet. [5] [6] [7] [8] [9] [10] Both prospective studies [6] [7] [8] [9] and intervention studies 5, 10 found an inverse association between the Mediterranean diet or the DASH diet and the risk of hypertension or blood pressure levels. The Mediterranean diet involves an abundant intake of plant foods, adequate intake of dairy products and fish, and low intake of meats. The DASH diet involves an abundant or adequate intake of plant foods, fish and low-fat dairy products, with limited intake of sugar-sweetened foods, red meat and added fats.
For the Asian populations, only limited data are available on the association of dietary behavior and the risk of hypertension or blood pressure level. A cross-sectional study of the Chinese population showed an inverse association between fruit and milk intake and the prevalence of hypertension. 11 Another cross-sectional study of the Japanese population showed an inverse association between high fruit and vegetable intake and self-measured blood pressure levels. 12 To our knowledge, however, there are no published prospective studies that have examined the association of dietary behavior and the risk of hypertension or blood pressure levels in an Asian population. Of course, knowledge from Western countries is beneficial to some extent for Asians. The Japanese Society of Hypertension reviewed clinical and epidemiological studies published from around the world and released the Japanese Society of Hypertension Guidelines for the Management of Hypertension in 2009. 13 In these guidelines, desirable dietary behavior was suggested; however, these guidelines were mainly based on the DASH diet. We believe that more data are needed for Asians because an Asian diet is different from that of Western countries.
Our a priori hypothesis was that the development of hypertension is associated with dietary behavior in the Japanese population. Dietary behaviors that lead to obesity or involve high sodium intake may increase the risk of hypertension, whereas dietary behaviors that include the consumption of fruits, vegetables and dairy products may reduce the risk of hypertension. To test our hypothesis, we performed the present prospective study in Japanese male workers.
METHODS

Study subjects
The participants were 30-71-year-old (mean age: 45.0 years) male workers who were employees of six companies in the Osaka area of central Japan and underwent serial government-sponsored annual health checkups. The total number of participants was 6554 at the beginning of the study. We excluded 1743 participants because they were diagnosed with hypertension (X140 mm Hg systolic blood pressure and/or X90 mm Hg diastolic blood pressure and/or those who were taking antihypertensive medications) on the baseline cardiovascular disease risk survey. During the follow-up, 1142 participants (mean age: 46.8 years) dropped out of the study following a failure to complete a health checkup. Furthermore, we excluded 183 participants because their serum creatinine concentrations were not measured. Thus, data on 3486 subjects (mean age: 42.9 years) were used for this analysis. We obtained informed consent from all subjects according to the ethical guidelines for epidemiological research by the Ministry of Health, Labor and Welfare. The study was approved by the Ethics Committee of Osaka Medical Center for Health Science and Promotion.
Risk factor survey
The annual Cardiovascular Disease Risk Surveys were performed from 2001 to 2011. The arterial systolic blood pressures and fifth-phase diastolic blood pressures were measured by well-trained observers using a standard mercury sphygmomanometer on the right arm during the survey. The participants were seated quietly for at least 5 min before the measurement. We used the data from the first measurement because the blood pressure was not measured twice in all subjects. Individuals with hypertension included those found to have high blood pressure (X140 mm Hg systolic blood pressure and/or X90 mm Hg diastolic blood pressure), as well as those being treated with antihypertensive medications.
With regard to potential confounders, the body mass index was calculated by dividing the weight in kilograms by the height in meters squared. The height was measured with subjects wearing socks, and the weight was measured with subjects wearing light clothing. Every participant was interviewed to determine their usual weekly alcohol consumption in go units, a traditional Japanese unit of volume equivalent to 23 grams of ethanol. We divided weekly ethanol intake by seven to calculate the average daily alcohol intake. The smoking habits and history of the subjects were also determined during the interview, as well as the history of hypertension, stroke, coronary heart disease, renal disease and the use of antihypertensive medications. The estimated glomerular filtration rate was calculated using the following formula established by the working group of the Japanese Chronic Kidney Disease Initiative: estimated glomerular filtration rate (ml min À1 1.73 m À2 ) ¼ 1.94 Â (serum creatinine) À1.094 Â (age) À0.287 . 14 Since 2001, serum creatinine has been measured using the enzymatic method.
Dietary behavior survey
The dietary behavior survey was carried out as part of the annual Cardiovascular Disease Risk Survey from 2001 to 2011 using questionnaires. The questionnaires were based on a health assessment in Japanese. 15 Well-trained public health nurses helped participants who had difficulty in answering the questionnaires. The survey consisted of 19 items related to dietary behavior (Table 1) . Subjects answered either 'yes' or 'no.' We examined the reproducibility of the questionnaire by using data from 2251 male subjects who were free from hypertension, hypercholesterolemia and diabetes at baseline and received a dietary behavior survey again the next year. The range of the concordance rate of each question was from 73.1 (dietary behavior concerned with meat intake) to 89.2% (dietary behavior concerned with breakfast intake).
Statistical analysis
The follow-up period was calculated from the day of the first cardiovascular risk survey (baseline survey) to the day of the end-point survey. For subjects who were diagnosed with hypertension, we defined the end-point survey as the survey in which the subject was first diagnosed with hypertension. For subjects who were consistently diagnosed as normotensive, we defined the end-point survey as the last survey.
We prepared 19 dietary behaviors and divided the subjects into four groups according to the answers provided in the baseline and end-point questionnaires. Subjects who answered 'yes' in both the baseline and end-point questionnaires were assigned to group 1. Subjects who answered 'yes' in the baseline questionnaire and 'no' in the end-point questionnaire were assigned to group 2. Subjects who answered 'no' in the baseline questionnaire and 'yes' in the end-point questionnaire were placed in group 3, and subjects who answered 'no' in both the baseline and end-point questionnaires were placed in group 4 on the questions 1, 3, 4-9, 11, 13 and 15-19. As for questions 2, 10, 12 and 14, the subjects were placed in the four groups based on answers opposite to the rules showing above.
Age-adjusted and multivariate-adjusted means and the magnitude of confounding variables were calculated and tested using an analysis of covariance. We calculated the odds ratios (ORs) and 95% confidence intervals (CIs) by using the logistic regression model for age-adjusted ORs and multivariate-adjusted ORs for the development of hypertension. We used group 1 as the reference group. We used the baseline age, job, body mass index, daily alcohol intake, smoking habits, estimated glomerular filtration rate and systolic blood pressure level at the baseline survey as the confounding variables.
Although there were 19 items in the questionnaire, we listed the results of only 5 items in the tables for better presentation. The results of the other 14 items are listed in Supplementary Table 1 .
Furthermore, we examined the differences in the baseline characteristics of 3486 subjects who followed up and 1142 subjects who did not follow-up. The results are reported in Supplementary Table 2 .
We used the SAS version 9.1.3 software (SAS Institute Inc., Cary, NC, USA) for all analyses. P-values o0.05 were considered statistically significant (on two-tailed analyses). Dietary behavior and hypertension in Japanese men M Umesawa et al RESULTS During an average 4.6-year follow-up for the 3486 subjects, 846 incident cases (24.3%) of hypertension were documented. Table 2 lists the characteristics of the subjects in the first cardiovascular survey according to the five dietary behaviors that were significantly associated with the risk of hypertension. Subjects who consistently did not have one or more egg every day at both the baseline and endpoint surveys (group 4) had a higher diastolic blood pressure Dietary behavior and hypertension in Japanese men M Umesawa et al compared with subjects who consistently did (group 1, P ¼ 0.03). Subjects who did not consistently consume dairy products every day (group 4) had a higher diastolic blood pressure compared with subjects who consistently did (group 1, P ¼ 0.03). Subjects who did not consistently eat between meals or before bedtime every day (group 4) had a higher systolic blood pressure compared with subjects who consistently did (group 1, P ¼ 0.04). Table 3 shows the age-adjusted and multivariate-adjusted ORs of the risk of hypertension according to the above five dietary behaviors that showed statistical significance. After adjusting for the confounding variables, the OR values were significantly higher in subjects who consistently did not eat meat frequently (group 4) than subjects who consistently did eat meat frequently (group 1) (OR ¼ 1.32, 95% CI: 1.05-1.65; P ¼ 0.02). Regarding dairy products, the OR values were higher in subjects who consistently did not consume dairy products every day (group 4) and who changed their dietary behavior from consuming dairy products every day to not (group 2) than those who consistently did consume dairy products (group 1) (OR ¼ 1.37, 95% CI: 1.11-1.68; P ¼ 0.003 and OR ¼ 1.43, 95% CI: 1.08-1.89; P ¼ 0.01, respectively). The OR values were higher in subjects who consistently did not eat between meals or before bedtime every day (group 4) than those who consistently did (group 1) (OR ¼ 1.41, 95% CI: 1.00-1.98; P ¼ 0.05). The OR values were higher in subjects who changed their dietary behaviors from eating one or more eggs every day to not eating eggs (group 2) than those who did consistently eat one or more eggs every day (group 1) (OR ¼ 1.37, 95% CI: 1.04-1.80; P ¼ 0.02). The OR values were higher in subjects who changed their dietary behavior from consuming noodle soup to not consuming noddle soup (group 3) than those who did not consistently consume noodle soup (group 1) (OR ¼ 1.32, 95% CI: 1.03-1.70; P ¼ 0.03). Table 4 shows the multivariate-adjusted ORs and 95% CIs for the risk of hypertension after further adjustment for each dietary behavior listed in Table 2 . The associations between dietary behaviors and the risk of hypertension did not change significantly, but the association with eating between meals or before bedtime was no longer statistically significant (P ¼ 0.09).
We also calculated the age-adjusted and multivariate-adjusted ORs of the risk of hypertension according to the dietary behaviors that did not show statistical significance. Dietary behaviors characterized by not eating breakfast, eating a meal just before bedtime, not eating fried food, adding salt to meals, using a salty sauce before checking the taste, not having vegetables or seaweed at every meal and not eating fruits led to a higher risk of hypertension, whereas dietary Abbreviations: CI, confidence interval; OR, odds ratio. Adjusted for age (years), job, body mass index (kg m À2 ), ethanol intake (g per day), current smoking (yes or no), estimated glomerular filtration rate (ml min À1 1.73 m À2 ) and systolic blood pressure level from baseline survey (mm Hg).
Dietary behavior and hypertension in Japanese men M Umesawa et al behaviors characterized by consuming salty soup, eating foods preserved in salt, eating salty pickles and avoiding soy products led to a lower risk of hypertension. Dietary behaviors characterized by eating until full, consuming soft drinks and having fish or shellfish were not significantly associated with hypertension.
DISCUSSION
The main finding of our study of Japanese male workers was that the dietary behavior of eating meat and the daily intake of dairy products were inversely associated with the development of hypertension, even after adjusting for other dietary behaviors. Refraining from eating one or more eggs or having noodle soup was positively associated with the development of hypertension. To our knowledge, no epidemiological study has reported a significant association between meat intake and the risk of hypertension. The Mediterranean diet and the DASH diet recommend a lower intake of red meat to prevent hypertension. [5] [6] [7] [8] [9] [10] However, in the present study, subjects who did not eat meat frequently demonstrated a 29% higher risk of hypertension compared with subjects who had meat frequently.
As for dairy product intake, several European and US epidemiological studies reported the association between dairy product intake and the risk of hypertension. [16] [17] [18] Among middle-aged and elderly females in the United States, the highest and median quintiles of dairy product intake (2.99-22.1 and 1.40-1.92 servings per day, respectively) showed a 14% and 7% lower risk of hypertension, respectively, compared with the lowest quintile (0-0.85 servings per day). 16 Among young overweight US adults, the lowest category of dairy product intake (0-9 times per week) showed a three-fold higher incidence of hypertension compared with the top category of dairy product intake (435 times per week). 17 Among Dutch males and females aged 455 years, the highest quartile of dairy product intake (median: 691 g per day) showed a 24% lower incidence of hypertension compared with the lowest quartile (164 g per day) . 18 In the present study, subjects who did not consume dairy products every day at the baseline and end-point surveys had a 36% higher risk of hypertension, and those who stopped consuming dairy products every day between the baseline and end-point surveys had a 44% higher risk of hypertension compared with the subjects who consumed dairy products every day at baseline and end-point surveys. This result implies that the regular intake of dairy products seems to prevent hypertension. Our study is the first to show the association between dairy products and the development of hypertension in an Asian population.
The mechanism of the inverse association of meat and dairy product intake with hypertension merits some discussion. Specific amino acids that are rich in animal products, such as arginine, taurine, tryptophan and tyrosine, are involved in the control of the vascular system. For example, L-arginine is a vasodilator and substrate of nitric oxide. In a human experiment, an infusion of L-arginine produced an immediate reduction in the blood pressure. 19 Taurine seems to affect the central nervous system. In an animal experiment, taurine infusion into the brain ventricles lowered blood pressure, 20 and a human experiment demonstrated that supplemental intake of taurine at 6 g per day for 7 days lowered blood pressure levels. 21 Tryptophan and tyrosine also seem to affect the central nervous system by enhancing the synthesis of serotonin, as demonstrated in animal experiments; 22, 23 however, there is no evidence for a similar effect in humans. Although eggs and fish also contain these specific amino acids, they are frequently seasoned with salt in Japan. Therefore, dietary behaviors related to egg and fish intake did not show a significant inverse association with the risk of hypertension. As for dairy products, other mechanisms may exist. Milk peptides have antihypertensive activity by inhibiting angiotensin-1-converting enzyme. 24 Calcium and magnesium intake is inversely associated with blood pressure levels. 8, 25 With regard to noodle soup, which has a high sodium content, subjects who changed their dietary behavior from having noodle soup to avoiding noodle soup showed a higher risk of hypertension, although subjects who had an all-noodle soup diet did not consistently show a higher risk of hypertension. We suppose the reason was that subjects who developed high blood pressure levels among subjects who had an all-noodle soup diet at the baseline survey were careful to reduce sodium intake and stopped the all-noodle soup diet before the end-point survey. Dietary behavior and hypertension in Japanese men M Umesawa et al Subjects who changed their dietary behavior from consuming one or more eggs every day to avoiding eggs showed a higher risk of hypertension, although subjects who did not consistently consume one or more eggs every day showed a statistically insignificant higher risk of hypertension. We suppose the reason was that subjects who stopped consuming eggs every day lowered their protein intake, which led to an increase in blood pressure. In a recent randomized trial of protein supplementation, in which egg protein formed 20% of the total protein intake, increased protein intake lowered blood pressure levels. 26 Based on the results of the present study, Japanese people should consume meat and dairy products frequently to prevent hypertension. The recommendation of high meat intake is different from the DASH diet. However, a previous cross-sectional study of Japanese subjects showed an inverse association between animal protein intake and blood pressure levels, 27 which adds support to the notion that Japanese people should consume meat.
The strength of the present study is that the methodology was superior to that of previous cross-sectional studies of Japanese populations. 12, 28 Prospective studies have little informational bias, and their results are more revealing than those of cross-sectional studies. The results of prospective studies also reinforce the causal relationships between risk factors and the development of hypertension more clearly than those of crosssectional studies.
The limitations of the present study warrant discussion. First, we were unable to obtain the precise date of the development of hypertension because our analysis was based on information from annual cardiovascular risk checks. We then used logistic regression analysis to calculate the ORs based on information from the baseline questionnaire. Second, our questionnaire only allowed subjects to choose answers 'yes' or 'no,' which made it difficult to evaluate the dose-response association between each type of dietary behavior and the development of hypertension. Furthermore, we did not determine the validity of the questionnaire fully. Only questions concerning sodium intake were validated. 29, 30 However, we previously compared our questionnaire with other validated food frequency questionnaires and found that the subjects who reported eating something frequently had higher intake than the other subjects, 31 which may add some support to the validity of the questionnaire. Third, we used the first blood pressure measurement in the present study due to the low number of subjects in whom blood pressure levels were measured twice. However, inclusion of the second measurement in the analysis, when available, did not change the results. In addition, we used systolic blood pressure levels measured at baseline in the multiple logistic regression analysis. We confirmed that the results did not change when we used diastolic instead of systolic blood pressure levels. Fourth, because of poor follow-up, we excluded from the analyses 1142 subjects who had a potentially higher risk of hypertension because of age, blood pressure levels and estimated glomerular filtration rate. Fifth, the present study included only males, and the results cannot be applied to females.
In conclusion, our prospective study of Japanese male workers showed that the intake of meat, dairy products and eggs was inversely associated with the risk of hypertension, whereas the intake of noodle soup was positively associated with the risk of hypertension. These results point to a beneficial dietary behavior that can prevent hypertension in male Japanese workers. Further epidemiological studies and clinical trials are necessary to establish the best dietary behavior for the prevention of hypertension among Japanese males.
